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Abstract
We point out incorrect equations derived in a paper published in
this journal Ref. [1] (E. O. Silva, Eur. Phys. J. Plus (2018) 133
: 530) for the Klein-Gordon equation with the Aharonov-Bohm and
Coulomb potentials in a Go¨del-type space-time. We derive the final
form of the radial wave equation of the Klein-Gordon equation in the
Som-Raychaudhuri space-time with these potentials and show that
the derive equation here jeopardize the equations obtained in Ref. [1]
and therefore, the energy eigenvalues presented there is incorrect.
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netic potential, energy spectrum, wave-functions.
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1 Introduction
In a recent paper in this journal, E. O. Silva [1] have studied the relativistic
quantum dynamics of a spinless bosonic massive charged particle interacting
with the Aharonov-Bohm and Coulomb potentials in the background of a
Go¨del-type space-time. The author has obtained the final form of the ra-
dial wave equation of the Klein-Gordon equation in the Som-Raychaudhuri
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space-time with these potentials, and evaluated the energy eigenvalues and
corresponding normalized eigenfunctions. We show that the derived equa-
tions Eq. (4) and Eq. (6) in Ref. [1] are incorrect, and two additional terms
are missing in Eq. (6). Therefore, the further analysis of the drived equation
as well as the energy eigenvalues in Ref. [1] are incorrect. In this paper
taking into account all the physical parameters as considered in Ref. [1], we
derive the final form of the Klein-Gordon equation in the Som-Raychaudhuri
space-time as follow.
The Som-Raychaudhuri space-time is described by the following line ele-
ment (with c = h¯ = 1):
ds2 = −(dt + Ω r2 dφ)2 + r2 dφ2 + dr2 + dz2, (1)
where Ω characterizes the vorticity parameter of the space-time.
The relativistic quantum dynamics of spinless free-particle of mass M is
described by the Klein-Gordon equation:
1√−g ∂µ(
√−g gµν ∂ν Ψ) = M2Ψ, (2)
with g is the determinant of metric tensor with gµν its inverse, and ∂µ is the
ordinary derivative.
For the space-time (1), the KG-equation (2) becomes [2, 3]
[−∂2t +
1
r
∂r (r ∂r) + (
1
r
∂φ − Ω r ∂t)2 + ∂2z −M2] Ψ(t, r, φ, z) = 0. (3)
In Ref. [1], author introduce an electromagnetic interactions [4, 5, 6] into
the Klein-Gordon equation through the so called minimal substitution
∂µ → Dµ ≡ ∂µ + i e Aµ, (4)
where e is the charge, and Aµ is the four-vector potential of electromagnetic
field given by
Aµ = (A0,− ~A) , ~A = (0, Aφ, 0). (5)
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Here one can write the 0-component of four-vector potential eA0 = V . In
Ref. [1], the author considered the electromagnetic four-vector potential in
the form (5) assuming (+,−,−,−) or −2 signature of the space-time [4].
It is known in classical general relativity that the Som-Raychaudhuri space-
time given in the form (1) is of Lorentzian with (−,+,+,+) or +2 signature.
Therefore, the electromagnetic four-vector potential Aµ = (−A0, ~A).
With this, that is, ∂t → Dt and ∂φ → Dφ, the KG-equation (3) becomes
[−(∂t + i e A0)2 + 1
r
∂r (r ∂r) + {1
r
(∂φ − i e Aφ)− Ω r (∂t + i e A0)}2
+∂2z −M2] Ψ(t, r, φ, z) = 0. (6)
The Aharonov-Bohm potential considered in Ref. [1] (please see the para-
graph in bewteen Eqs. (3) and (4) in Ref. [1]) is given by
eAφ = −Φ
r
, Φ =
ΦB
(2 π/e)
, (7)
where ΦB is the Aharonov-Bohm magnetic flux and
∂
∂z
Ψ = 0 due to the
translational symmetry of the metric. The above form of potential actually
known as the Aharonov-Bohm-Coulomb potential.
Therefore, the Eq. (6) can now be expressed as
[−(∂t + i V )2 + 1
r
∂r (r ∂r) + {1
r
(∂φ + i
Φ
r
)− Ω r (∂t + i V )}2 −M2] Ψ(t, r, φ) = 0
[−(∂t + i V )2 + 1
r
∂r (r ∂r) +
1
r2
{(∂φ + i Φ
r
)− Ω r2 (∂t + i V )}2 −M2] Ψ(t, r, φ) = 0.(8)
Note that the Eq. (8) here is different from the derived one Eq. (4) in Ref.
[1].
The solution to Eq. (8) is as follow:
Ψ(t, r, φ) = ei (−E t+l φ)R(r), (9)
where E is the energy of charged particle, and l = 0,±1,±2, .. are the eigen-
values of the z-component of the angular momentum operator.
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Substituting the solution (9) into the Eq. (8), we obtain
R′′(r) +
1
r
R′(r) + [(E − V )2 −M2 − 1
r2
{(l + Φ
r
) + Ω r2 (E − V )}2]R(r) = 0
⇒ R′′(r) + 1
r
R′(r) + [(E − V )2 −M2 − (l +
Φ
r
)2
r2
− Ω2 r2 (E − V )2
−2Ω (E − V ) (l + Φ
r
)]R(r) = 0. (10)
Substituting the Coulomb-type potential V = ξ
r
considered in Ref. [1] where,
ξ = ± e2 (please see the paragraph in bewteen Eqs. (3) and (4) in Ref. [1])
into the Eq. (10), we obtain
[
d2
dr2
+
1
r
d
dr
+ λ− j
2
r2
− a
r
+ b r − ω2 r2 − c
r3
− d
r4
]R(r) = 0, (11)
where
λ = E2 − Ω2 ξ2 −M2 − 2ΩE l,
j =
√
l2 − ξ2 − 2Ω ξ Φ,
a = 2E ξ + 2Ω (E Φ− ξ l),
b = 2Ω2E ξ,
ω = ΩE,
c = 2Φ l,
d = Φ2. (12)
The above Eqs. (11)-(12) is completely different from the Eq. (6) derived in
Ref. [1]. This fact jeopardize Eq. (6) derived in Ref. [1] and therefore, the
further analysis with this equation as well as the energy eigenvalues presented
there are incorrect.
In summary, taking into account all the physical parameter considered in
Ref. [1], we have derived the final form of the Klein-Gordon equation with
the potential eAφ = −Φr (which is actually known as the Aharonov-Bohm-
Coulomb potential) and Coulomb potential V (r) = ξ
r
in the background of
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Som-Raychaudhuri space-time. In this derived equation Eqs.(11)-(12), we
have seen that there are two additional terms containing r−3, r−4 which are
missing in Eq. (6) derived in Ref. [1]. Thus, the Eqs. (11)-(12) derived here
jeopardize the derived Eq. (6) in Ref. [1] and therefore, the further analysis
as well as obtained results are incorrect.
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